Abstract The aim of this study was to investigate and compare the change of body mass index (BMI) in patients after gastrectomy for cancer according to the type of reconstruction. BMI was followed in 260 patients who had undergone curative surgery for gastric cancer from March 2003 to December 2009. The procedures were Billroth I in 63 patients, Billroth II in 52 patients, Roux-en-Y in 54 patients, long Roux-en-Y (bypassed proximal jejunum over 100 cm) in 47 patients, and total gastrectomy in 44 patients. BMI reduction was greatest in the total gastrectomy group at postoperative 6 months, 1 year, and 2 years. Postoperative 3-year BMI reduction was greatest in the long Roux-en-Y group. BMI reductions of the total gastrectomy and long Roux-en-Y groups were similar during the follow-up period. Among the subtotal gastrectomy groups, BMI reduction was greatest in the long Roux-en-Y group, and there was statistical significance in comparing with Billroth I and II groups, but no statistical difference with the Roux-en-Y group. Given the limitations of patient number and follow-up period, it can be concluded that obese patients with gastric cancer not requiring total gastrectomy may benefit from long Roux-en-Y reconstruction with adequate BMI reduction and accompanying health improvement.
Introduction
A variety of reconstructions after gastrectomy for cancer have been devised. However, a universally accepted method of reconstruction has not yet been established. There are many late problems related to these procedures, such as reflux esophagitis, gastritis induced by bile juice, afferent loop syndrome, stasis of food passage, nutritional problems including weight loss, and carcinogenesis of remnant stomach. Especially, weight loss is usually regarded as an inevitable consequence after gastric resection. The weight loss could be a significant problem with respect to quality of life in some preoperatively normal and low body mass index (BMI) patients, but in obese patients of higher BMI, adequate weight reduction is beneficial to health problem. The Korean Society for the Study of Obesity defines obesity for Koreans as BMI ≥25 kg/m 2 having increased risk of obesity-related morbidity [1] . Weight loss with typically performed reconstruction methods such as Billroth I, Billroth II, and Roux-en-Y procedures is not sufficient for obese individuals with higher BMI [2] [3] [4] .
This study was undertaken to compare the amount of postoperative BMI changes according to the reconstruction methods including long Roux-en-Y reconstruction of bypassed proximal jejunum of 100 cm or more and to determine the effectiveness of this alternative method for the obese gastric cancer patients who need adequate weight reduction for health.
Materials and Methods

Patients and Patient Groups
The current investigation was a single-centre study. Gastric tumor patients without recurrence (n0260; 258 cases of adenocarcinoma, 1 gastrointestinal stromal tumor, and 1 carcinoid) who underwent standard radical gastrectomy at the Department of Surgery, College of Medicine, Hallym University, from March 2003 to December 2009 were followed concerning their postoperative BMIs at a surgical outpatient clinic. This retrospective study compared five groups of reconstruction: the gastroduodenostomy (Billroth I) group (n063), the loop gastrojejunostomy (Billroth II) group (n052), the conventional Roux-en-Y gastrojejunostomy (Roux-en-Y) group (n054), the long limb Roux-en-Y gastrojejunostomy (long Roux-en-Y) group (n047), and the total gastrectomy with Roux-en-Y esophagojejunostomy (total gastrectomy) group (n 044). The long Roux-en-Y reconstruction was defined as Roux-en-Y gastrojejunostomy with bypassed proximal jejunum of 100 cm or more (100-190 cm) as a similar structure of Roux-en-Y gastric bypass for morbid obesity. After IRB (Institutional Review Board) approval, since June 2007, we applied Roux-en-Y gastrojejunostomy to 36 obese gastric cancer patients who had a high BMI (≥25 kg/m 2 ) and, since 2008, to 11 nonobese gastric cancer patients (BMI <25 kg/m 2 ) with type 2 diabetes mellitus to study the antidiabetic effect of long duodenojejunal bypass (DJB). We classified patients receiving distal gastrectomy with conventional reconstruction (Billroth I, Billroth II, Roux-en-Y) as the no or short DJB group (Billroth I or bypass of duodenum and proximal jejunum <100 cm) and patients receiving long Roux-en-Y reconstruction as the long DJB group (bypass of duodenum and proximal jejunum ≥100 cm) to enable comparison of these two groups. Although no consensus exists about how long the alimentary and biliopancreatic limbs should be for optimal weight reduction in Roux-en-Y gastric bypass for morbidly obese patients, in general the total length of the bypassed proximal jejunum was ≥150 cm [5] [6] [7] . Patients of the long Roux-en-Y group were not morbidly obese, and we adjusted the length of bypassed jejunum from 100 to 190 cm according to the severity of obesity. The length of the bypassed jejunum in the long Roux-en-Y group and preoperative average BMI are summarized in Table 1 . The patients were followed up at intervals of 3-6 months and body weight was measured at each postoperative visit. We compared postoperative and preoperative BMI values and evaluated the effect on type 2 diabetes. The recurrence of malignancy had been ruled out through regular follow-up examinations of laboratory tests including tumor markers, abdominal computed tomography scan, and endoscopy.
Surgical Procedures of Long Roux-en-Y Gastrojejunostomy
After partial gastrectomy of 60-80 % distal stomach including cancer, the jejunum was divided at 50-90 cm distal to the ligament of Treitz, and the distal limb of the jejunum was anastomosed to the remnant stomach in an antecolic fashion. Jejunojejunostomy was undertaken at 50-100 cm distal to the gastrojejunostomy with total jejunal bypass of 100-190 cm (Fig. 1) . The length of bypassed jejunum was 70-90 cm in conventional Roux-en-Y of subtotal and total gastrectomy, 20-30 cm in Billroth II, and 0 cm in Billroth I anastomoses.
Statistical Analyses
Statistical analyses were performed with the SPSS 13.0 program (SPSS, Chicago, IL). Data were expressed as mean± standard deviation. Statistical analysis included one-way ANOVA and independent t-test and P values <0.05 were considered significant. (Fig. 2 ). At postoperative 6 months and 1 year, the extent of BMI reduction in the total gastrectomy group was significantly greater than in the Billroth I, Billroth II, and Roux-en-Y groups (P<0.05) and was similar to or slightly greater than that of the long Roux-en-Y group (P01.0). At postoperative 2 years, the BMI reduction in the total gastrectomy group was greatest and was significantly different between the total gastrectomy group and the Billroth I and II groups (P00.000, P00.006, respectively). However, no significant differences in BMI reduction were observed between the total gastrectomy group and the Roux-en-Y and long Rouxen-Y groups (P00.639, P01.000, respectively). At postoperative 3 years, the BMI reduction of the long Roux-en-Y group was greatest and there were significant differences between this group and the Billroth I and II groups (P0 0.000, P00.002, respectively). Significant differences were not noted between the long Roux-en-Y and Roux-en-Y groups (P00.054), and between the long Roux-en-Y and total gastrectomy groups (P01.000). Among the subtotal gastrectomy groups, the BMI reduction of the long Rouxen-Y group was greatest at each postoperative 6-month or 1-year interval. There were statistical significances between the long Roux-en-Y group and the Billroth I group (P0 0.000 at each postoperative time), and also between the long Roux-en-Y group and the Billroth II group (P00.032 at postoperative 6 months, P00.004 at postoperative 1 year, P00.002 at postoperative 3 years), except at postoperative 2 years (P00.175). The BMI reduction of the long Roux-en-Y group tended to be greater than that of the Roux-en-Y group without statistical significance, except at postoperative 2 years, when statistical significance was observed (P0 0.022). In comparing the no or short DJB group and the long DJB group, the BMI reduction of the long DJB group (long Roux-en-Y reconstruction) was greater than the no or short DJB group (Billroth I, Billroth II, Roux-en-Y reconstruction) with statistical significance (P00.000 at postoperative 6 months, 1 year, and 3 years; P00.001 at postoperative 2 years) ( Table 4 ). In the long Roux-en-Y group, there were no cases of internal herniation and short bowel syndrome due to long limbs.
Results
Patient characteristics for five groups are summarized in
Discussion
Small remnant stomach or no stomach with reduced food intake is the main reason for weight reduction after gastrectomy. Many factors responsible for weight reduction have been suggested. Gastrectomy alters gastrointestinal hormone production by removing some part of the hormoneproducing gastric mucosa and rearranging the gastrointestinal tract for the passage of food and digestive juice. Ghrelin, a natural ligand for growth hormone secretagogue receptor (GHS-R), is secreted by the ghrelin/endocrine/neurocrine cells that are present predominantly in the lining of the lower part of the oxyntic glands in the mucosa of the gastric fundus and body [8] . It is the circulatory intestinal hormone secreted by the fasting stomach that enhances food intake and maintains energy homeostasis as the most powerful endogenous appetite-stimulating hormone, opposing leptin and gastrointestinal activity through the vagal nerve. After gastrectomy, the decreased serum ghrelin level induces satiety with early meal termination [9] [10] [11] [12] [13] . Another important mechanism of weight reduction after gastrectomy is the duodenal bypass of food and digestive juice [4] . With duodenal bypass, decreased secretion of cholecystokinine (CCK) and reduced exocrine activity of the gallbladder result in decreased fat digestion and absorption [14] [15] [16] . In Roux-en-Y gastrojejunostomy, no contact between the food bolus and the biliopancreatic secretions occurs until the site of the jejunojejunostomy, blocking the absorption of nutrients impossible in the biliopancreatic and alimentary (Roux) limbs. Thus, the degree of malabsorption can be modified by altering the length of these limbs. Other mechanisms including reflux esophagitis, alteration of intestinal floral, increased peristalsis, and diarrhea have also been suggested, but there has been no satisfactory explanation [17] . Currently, the extent of weight loss was stationary with time in all groups except the long Roux-en-Y group, with the greatest decreased ratio at 3 years. Our results suggest that ghrelin tends to be overproduced by ghrelin-secreting cells in remnant stomach as compensation [18] and, in the early postoperative period, ghrelin reduction that is induced by removal of gastric body and/or fundus has more influence on weight reduction than malabsorptive mechanism. This supports the view that long Roux-en-Y reconstruction could be more effective in maintenance of reduced weight loss than other reconstruction methods. There have been many studies concerning nutritional status after gastrectomy, but a few studies have addressed weight loss through a comparison of the various reconstruction methods. Moreover, no studies assessing the appropriate length of the bypassed jejunal limb that is necessary to maintain adequate weight reduction for the obese after gastrectomy for cancer were uncovered in a Pubmed search. Although our study is retrospective and included various clinical backgrounds such as early and advanced stage, involving a limited number of cases, the present study is important as it is, to our knowledge, the first study to examine the extent of weight reduction according to a comparison of conventional postgastrectomy reconstruction methods with a novel technique involving adjustment of the bypassed jejunal limb. Although not related to the gastric malignancy and criteria, as the length of bypassed jejunum was different in categorizing short and long limb groups, a number of comparative studies have reported on the length of limbs of gastric bypass for morbidly obese patients. It has been concluded that increasing the length of jejunum bypassed improves the degree of weight reduction [19] [20] [21] [22] , but others have reported that increasing Roux and biliopancreatic limb length does not improve weight loss [5, 23] . In one study, the weight reduction for patients with BMI≤50 was similar during their follow-up (up to 3 years), independent of the length of the bypassed jejunum; the authors opined that patients with a BMI >50 might benefit from a longer bypassed jejunum [24] . Limitations of the present study included the small number of study subjects and the fact that weight reduction after gastrectomy is multifactorial and, therefore, more than one mechanism may account for the maintenance of weight reduction, restricting a clear indication of which of the various mechanisms is the causal mechanism. Also, we did not investigate the involvement of intestinal hormones. Another limitation was that the statistically significantly greater average preoperative BMI of the long Roux-en-Y group might have reflected a selection bias. However, our goal was to explore the overall trend of weight reduction after gastrectomy. To support the hypothesis that long Roux-en-Y reconstruction could be more effective in maintenance of reduced weight loss than other reconstruction methods, it will be necessary to investigate and analyze intestinal hormones in each reconstruction group and accumulate more cases of high BMI (>25 kg/ m 2 ) in all groups with long-term follow-up for the establishment of long Roux-en-Y reconstruction as the effective weight reduction method for the obese patients with gastric malignancy as well as understanding its mechanism of weight loss.
Conclusion
In summary, for obese gastric cancer patients, the long Roux-en-Y jejunal bypass could be a promising reconstructive method with potential advantages of weight reduction. Future studies will focus on not only case accumulation and long-term follow-up to ascertain the efficacy of the long Roux-en-Y reconstruction but also the surgical procedure including correlation between the extent of the weight loss and the length of jejunal bypass.
